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The virion-induced host shutoff product of the herpes simplex virus UL41 gene is required for shutoffofhost translation and degradation of cellular mRNAs. We employed a rabbit antipeptide antiserum to identify a 58K UL41-related phosphoprotein in infected cells. We also provide evidence that this protein is a component of the virus particle, consistent with its role in virion-induced shutoff.
Infection of cells with herpes simplex virus (HSV) results in a general inhibition of cellular gene expression (reviewed in Fenwick, 1984) that is achieved, at least in part, by suppression of host cell translation and degradation of cellular mRNAs (Roizman et al., 1965; Nishioka & Silverstein, 1977 Fenwick & Walker, 1978; Schek & Bachenheimer, 1985; Kwong & Frenkel, 1987; Strom & Frenkel, 1987) . Translational shutoff and mRNA degradation are both induced by one or more components of the infecting virus particle (Nishioka & Silverstein, 1977 Fenwick & Walker, 1978; Read & Frenkel, 1983; Schek & Bachenheimer, 1985; Kwong & Frenkel, 1987; Strom & Frenkel, 1987; Kwong et al., 1988) . A viable HSV-1 KOS mutant defective in virioninduced host shutoff (vhsl) (Read & Frenkel, 1983 ) that was isolated on the basis of its inability to inhibit host cell translation in the absence of viral gene expression was later shown to be defective for induction of mRNA turnover (Strom & Frenkel, 1987; Oroskar & Read, 1989) . The vhsl mutation has been mapped to the UL41 open reading frame of the HSV-1 genome (Kwong et al., 1988) , which is predicted to encode a 489 amino acid protein of 58K (Frink et al., 1981 ; McGeoch et al., 1988) . The construction of several recombinant viruses bearing insertions in the UL4! open reading frame has confirmed the requirement for an intact UL41 gene in virion-induced host shutoff (Fenwick & Everett, 1990; Smibert & Smiley, 1990) .
To identify the UL41 gene product we raised a rabbit antiserum against a synthetic peptide, YED-DEDLPLDPRDVT, corresponding to amino acids 333 to 347 of the predicted amino acid sequence (Fig. 1) ; this peptide was chosen on the basis of its high density of charged residues. The peptide was coupled to BSA using bis-diazobenzidine as described by Doolittle (1986) , and rabbits were immunized with 1 mg of conjugate in Freund's complete adjuvant followed by boosts in Freund's incomplete adjuvant. Preimmune and immune sera were then tested by Western blot analysis of extracts prepared from cells infected with HSV-1 KOS PAAr5 (Hall et al., 1984) , which possesses a wild-type vhs gene, and three mutants defective for the vhs function: vhsl, vhsA and vhsB (Fig. 2a, b and c). The vhsl mutant was derived following random mutagenesis of HSV-1 KOS (Read & Frenkel, 1983) , whereas vhsA and vhsB (Smibert & Smiley, 1990) The vhsA mutant contains the lacZ cassette inserted between the two ApaI sites in the UL41 gene. This insertion is located upstream of the sequences encoding the immunogenic peptide, and thus the vhsA virus should not produce an immunoreactive UL41 product. The vhsB mutant contains the lacZ cassette inserted at the BamHI site in the UL41 gene, interrupting UL41 coding sequences at codon 343. On the basis of the sequence of the ICP6 promoter region, the vhsB mutant is predicted to produce a truncated UL41-related product of 43K that retains the first 10 residues of the synthetic peptide. Extracts prepared from infected Vero cells were subjected to electrophoresis through a 10~ N,N'-diaUytartardiamide (DATD) cross-linked SDS-polyacrylamide gel (Laemmli, 1970) , then transferred to nitrocellulose filters using a Trans-Blot semi-dry transfer cell (Bio-Rad) according to the manufacturer's instructions. After transfer, filters were incubated in blocking buffer (25 mu-Tris-HC1 pH 7.5, 150 mM-NaC1, 0"5~ w/v Carnation instant skim milk powder, 0.05 ~ v/v NP40, 0.1~ w/v SDS) for 1 h, and incubated with a 1/500 dilution of serum in blocking buffer for 2 h (the serum was not affinity-purified prior to use). Where indicated, peptide was present at a concentration of 10 ~tg/ml. Unreacted antibodies were removed by two washes in blocking buffer followed by three washes in blocking buffer containing 0.5~ NP40. Bound antibodies were detected by incubating filters with 0.3 p.Ci/ml 2251-Protein A (30 mCi/mg, Amersham) in blocking buffer for 1-5 h, then the blots were washed twice with blocking buffer and three times with blocking buffer containing 0.5~ NP40. All incubations and washes were done at room temperature. Immune serum detected two polypeptides in extracts prepared from mock-infected cells: a 70K band that was also detected by the preimmune serum and a <30K species that was specifically competed by the addition of peptide (Fig. 2a, b and c) . Presumably, the < 30K band represents a cross-reactive cellular protein. In addition, the immune serum detected a 58K virus-specific band in extracts from cells infected with HSV-1 KOS PAAr5 and vhsl. The 58K polypeptide was not detected in extracts of ceils infected with the UL41-disrupted strains vhsA and vhsB; instead vhsB extracts displayed a novel cross-reactive polypeptide of about 43K. These data support the notion that the 58K polypeptide is encoded by the UL41 gene. The UL41 protein accumulated late during infection (Fig. 2d) , confirming previous studies of the kinetics of accumulation of UL41 mRNA (Frink et al., 1981) .
In the absence of viral gene expression vhs-dependent host shutoff occurs, suggesting that the UL41 protein might be a virion component. To test this possibility, we used Western blot analysis to compare the amount of UL41 polypeptide present in partially purified virions (prepared by dextran T10 gradient centrifugation as described by Spear & Roizman, 1972) to that present in crude cell lysates (Fig. 3) . The results indicated that the partially purified virions contained roughly eight-to 16-fold more UL41 protein than an equivalent amount of crude cell lysate. These data suggest that the UL41 protein is a virion component, in agreement with the conclusions of Fenwick & Everett (1990) . We tested whether the UL41 protein was phosphorylated by labelling infected cells with 3 2po4. Vero cells, in 100 m m dishes, were infected with PAAr5 and vhsB at an m.o.i, of 10 p.f.u./cell, labelled from 6 to 10 h postinfection with 32po 4 (666 ~tCi/ml), then the UL41 protein was immunoprecipitated from cell extracts as previously described (Spessot et al., 1989) , except that 1~o (w/v) BSA was included in the lysis buffer and extracts were not sonicated. Following electrophoresis, labelled proteins were detected by fiuorography (Bonner & Laskey, 1974) . No protein was immunoprecipitated from mock-infected cell extracts, but preimmune serum precipitated at least three proteins from infected extracts (Fig. 4) . It is possible that these represent processed and unprocessed forms of gE and gI, the subunits of the HSVencoded Fc receptor (Johnson et al., 1988) , which have been shown to be phosphorylated in infected ceils (C. Brunetti & D. C. Johnson, unpublished results) . The immune serum specifically precipitated two additional proteins from infected cells: the 58K UL41 gene product, and a 140K protein that additional experiments identified as ICP6, the large subunit of HSV ribonucleotide reductase (data not shown). In contrast to the results involving immunoprecipitation of [35S]methioninelabelled cell extracts (data not shown), we were unable to detect a convincing 32p-labelled 43K UL41-related -----I Fig. 4 . Immunoprecipitation of phosphorylated UL41 protein from infected cell extracts. Vero cells mock-infected (lanes I to 3) or infected with PAA~5 (lanes 4 to 6) or vhsB (lanes 7 to 9) were labelled for 4 h (from 6 to 10 h post-infection) with 32po4. Cell extracts were prepared and mixed with preimmune serum and Protein A-Sepharose (lanes 1, 4 and 7), immune serum (lanes 2, 5 and 8) or immune serum plus peptide competitor (lanes 3, 6 and 9). Immunoprecipitated proteins were then resolved by electrophoresis through a 10~ SDS-polyacrylamide gel. Markers (M) are 14C-labelled proteins (Amersham).
protein in extracts from vhsB-infected cells. These data indicate that the 58K UL41 protein is phosphorylated, and raise the possibility that efficient phosphorylation may require some portion of the carboxy terminus that is lacking from the 43K vhsB product.
In some experiments ICP6 was strongly competed by the inclusion of peptide in the immunoprecipitation reactions (data not shown); however it was not affected by either the vhsB or vhsA mutations (Fig. 4 and additional data not shown). Inasmuch as vhsA does not produce a detectable UL41 protein, these data suggest that ICP6 is immunoprecipitated via a cross-reactive epitope rather than by association with the UL41 gene product. However, ICP6 does not contain regions with obvious similarity to the synthetic peptide.
These data identify the product of gene UL41 as a 58K virion component, and show that it is phosphorylated in infected cells. Similar results have been obtained by G. S.
Read, K. Knight and B. M. Karr (personal communication). We anticipate that the antipeptide antiserum described in this report will be useful in further studies of the structure and mode of action of the UL41 gene product.
